Abstract. The novel nickel complex with the extended-TTF dithiolate ligand [Ni(tmdt) 2 ] (tmdt=trimethylene dithiotetrathiafulvalenedithiolate) is the first three-dimensional singlecomponent molecular metal with metallic state down to very low temperature (0.6 K). Recently, the direct evidence for presence of electron and hole Fermi surfaces in [Ni(tmdt) 2 ] was obtained by detecting the de Haars-van Alphen (dHvA) effect. We have synthesized analogous singlecomponent molecular conductors with various ligands and central metal atoms and examined their structures and physical properties. The visible and ir spectra of single-component molecular conductors showed that these molecules have unprecedentedly small HOMO-LUMO gaps.
INTRODUCTION
Semiconducting properties in phthalocyanine and condensed aromatic hydrocarbons were found around 1950, and one-dimensional molecular metals were discovered around 1970. Ever since the discovery of the first organic superconductor, (TMTSF) 2 PF 6 (TMTSF = tetramethyltetraselenafulvalene) in 1980 [1] , an extremely large number of molecular conductors have been developed. However, until recently , it was believed that molecular conductors consist of more than two chemical species. Charge transfer between molecules comprising conduction bands and another chemical species has been considered indispensable to generate charge carriers.
We have prepared the crystal of a neutral transition metal complex with extended-TTF (tetrathiafulvalene) ligands, [Ni(tmdt) 2 ] (tmdt = trimethylenetetrathiafulvalenedithiolate) exhibiting metallic behavior down to 0.6 K [2] [3] . Very recently, the direct experimental evidence for the existence of Fermi surface was obtained by detecting the quantum oscillations in magnetization (the de Haas-van Alphen (dHvA) effect). Torque magnetometry measurements of single crystals of [Ni(tmdt) 2 ] using a sensitive microcantilever at low temperatures in high magnetic fields revealed dHvA oscillatory signals, for all directions of magnetic field, indicating the presence of threedimensional electron and hole Fermi surfaces [4] . Here, we will report the recent development of single-component molecular conductors with various extended-TTF dithiolate ligands.
CRYSTAL STRUCTURE AND PHYSICAL PROPERTIES OF SINGLE-COMPONENT BIS(DITHIOLATO)GOLD COMPLEXES
The bis(dithiolato)gold complex is planar similar to bis(dithiolato)nickel complex. In terms of valence electrons, the neutral bis(dithiolato)gold complex is isoelectronic to the planar bis(dithiolato)nickel monoanion complex with one unpaired electron per molecule, which makes the electromagnetic properties of the neutral gold complex very attractive. It has been thought that these unpaired electrons or holes in the bis(dithiolato)gold complexes have a possibility to form a metallic band.
Magnetic phase transition of [Au(tmdt) 2 ]
The syntheses of the corresponding gold complexes were performed according to the literature methods [5] [6] and crystals of [Au(dmdt) 2 ] and [Au(tmdt) 2 ] were obtained electrochemically [7] . The compositions were determined by electron probe X-ray microanalyses and elemental analyses. Since the crystals were very small, the structure of [Au(tmdt) 2 ] was determined by the synchrotron radiation X-ray powder diffraction experiments. The imaging plate detectors and the Large Debye-Scherrer camera at the facility Spring-8 BL02B2 were used. The wavelength of incident X-rays was 1 Å.
Although Resistivity measurements were made by the four-probe method from room temperature down to 0.6 K on a compaction pellet sample. [Au(dmdt) 2 ] gave a fairly large room temperature conductivity of 12 S cm -1 and a very small activation energy of 9 meV (50-300K). The magnetic susceptibilities were measured by a SQUID magnetometer in the temperature range from 300 K to 1. , and the existence of density of states at Fermi level indicated the system to be a metal [9] . ESR spectra of polycrystalline samples of [Au(tmdt) 2 ] were measured in the temperature range of 3.5-300 K. Spin susceptibility, peak-to-peak line width, and g-value at room temperature were : χ s = 3.8 x 10 -4 emu mol -1 , ∆Hpp = 250 G, and g = 2.005. The χ s values increased gradually down to 130 K and decreased abruptly at 100 K (Figure 2b ), while the line width decreased almost linearly with decreasing temperature down to 100 K where an onset of rapid increase of line width was observed (∆Hpp = 40 G at 100K). The magnetic susceptibility of polycrystalline sample of [Au(tmdt) 2 ] were measured by the SQUID magnetometer under the magnetic fields of 50, 30, 10, 5 and 3 kOe. Figure  2b shows the magnetic susceptibilities at 30, 10 and 3 kOe. For the magnetic field above 30 kOe, the susceptibilities were roughly constant above 50 K. Around 100 K the susceptibility decrease indicating magnetic transition was observed, which is consistent with the ESR behavior. No anomaly above 30 Oe and the susceptibility decrease around 100 K below 10 kOe seem to suggest the possibility that the 100 K-transition is an antiferromagnetic transition with the critical magnetic field of spin flipping transition between 10 and 30 kOe. To our knowledge, there has been no molecular conductor exhibiting (antiferro)magnetic transition at the temperature as high as 100 K without loss of its high conductivity.
HIGHLY CONDUCTING MOLECULAR CRYSTALS BASED ON BIS(DITHIOLATO) COBALT COMPLEXES
[Ni(tmdt) 2 ] will be converted into a magnetic molecule by replacing the central Ni 2+ atom with magnetic atoms such as Cu 2+ and Co
2+
. The Curie temperature of the ferromagnetic crystal composed of single-component organic molecules such as p-NPNN is very low [10] . However the transition temperature of a molecular ferromagnet is expected to become much higher if the intermolecular magnetic interaction is mediated by conduction electrons. Therefore, magnetic molecular conductors with high Tc might be expected when using magnetic analogs of [Ni(tmdt) 2 ]. Since the crystal of [Cu(dmdt)] 2 has been recently shown to be fairly high conducting (≈ 3 Scm -1 , Ea≈ 0.06 eV), whose magnetic susceptibility indicates the existence of the localized S=1/2 spin on each molecule, the way to approach magnetic molecular metals is considered to become fairly clear [11] . Recently, we have prepared two bis(dithiolato)cobalt complexes exhibiting quite different electronic properties.
Dimeric molecules in [Co(dt) 2 ] and ( n Bu 4 N)[Co(chdt) 2 ]
All the synthetic procedures of [Co(dt) 2 ] (dt = tetrathiafulvalenedithiolate) were performed under a strictly inert atmosphere using a Schlenk technique. The syntheses of ligand moieties with cyanoethylene group were prepared according to the literature methods [5] [6] . The metal sources were CoCl 2 .6H 2 O. The ligand coordination to metal was performed at -78 °C and the metal complex was obtained as (Me 4 N) 2 Since the size of the crystals were very small, the synchrotron radiation powder X-ray diffraction experiment of this complex was performed. The imaging plate detectors and the Large DebyeScherrer camera at the facility Spring-8 BL02B2 were used. The wavelength of incident X-rays was 1 Å. The ideal X-ray powder pattern was obtained in 0. 
INFRARED ELECTRONIC ABSORPTION IN SINGLE-COMPONENT MOLECULAR METALS
In general, the simplest « one-dimensional box model» of π-conjugated molecules predicts that the wavelength of the longest wavelength electronic absorption (λ max ) will become longer as the size of π molecule increases. Tsuda and Osuka recently succeeded in preparing fully conjugated linear porphyrin oligomers with electronic absorption bands that reach into ir region. λ max -1 decreases as the number of porphyrins(n) increases and n=12 (dodecamer) is about 3500 cm -1 ( § H9 >@ We have synthesized and examined the electronic absorption spectra of transition metal complex molecular crystals with extended-TTF ligands M(L) 2 [M=Ni,Pd ; L=tmdt, dmdt, ptdt and dt]. Since these are not soluble in usual organic solvent, the visible(vis) and ir spectra were measured on crystalline powder samples [15] . Figure 5 shows 2 ]. These facts strongly suggest that the single-component molecular conductors are composed of the molecules with unprecedentedly small HOMO-LUMO gap. Figure 5 . The visible and ir spectra of Ni(tmdt) 2 , Ni(dmdt) 2, and Pd(dt) 2 and the ir spectra of Ni(ptdt) 2 measured on crystalline powder samples using a JASCO-FT/IR-420+IRT30 spectrometer (40000-5000 cm -1 ) and a JASCO-MSV-370 spectrometer. (7800-600 cm -1 ). The broad absorption maximum (arrow) shifts to higher energy from 2200 cm -1 to 7800cm -1 as the semiconducting properties increased (Ni(tmdt) 2 , Ni(dmdt) 2 → Ni(ptdt) 2 → Pd(dt) 2 ). The room temperature conductivities (σ RT ) are in parentheses.
